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pages 765 and following. 
0,« WO96/18059 
D« * EP-A-591 595 
Dt s W096/38705 

O fl « Chemical physics letters 260 (1996) 471.475 
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restructuring with a scanning tunneling microscope" 
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Groun A 

Claims ldZ 

1 • The main argument of the applicant is that what is established for MWMT k ™, 

valid for SWNT. This is certainly correct but would J^Z^^ 

n^ 

nanotubes are fundamentally different from multi-wall nantubes. The single waii a , ft 
individual moiecules. whereas the mitt* tubes are basically a y ndS fTm of 
graphite. The single-wall tubes have remarkable ^iS^ 
characteristics because they are essentiaiiy perfect »o,^ZZTZ are 



2. The argument under 1 hereinbefore can be accepted. 



ata r r :: tee: t n t* m ' ,h - 

- w u, , ar 88 D » concerned, it can be reasonably accents mm* » 

Pro** t0 mwnt (mo p M Mluim , taM w md p 2 £ J. 

Thertlor.. the .ppllcanr, arjumontttfon tovwrdi otalms 1-17 » ,cc« t( , d „« d ., m , , ., 



Claims ft*^ 

(a) The arguments of the applicant are rejected since 



(2) 



» is not correct to state that claims 63-88 are directed to "purified SWNT" (see 

° f .I aPP ' IC8m ' 8 Th0y mere,y refef 10 '■ oompcsitton of matter' 
which could for instance be in an as-synthesized state. 

Neither doea said claims indicate whether said "composition of matter" is macro- 
scopic or microscopic". 



Therefore, the original objection (4-8) is maintained: 
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(c) The wording of claim 63 is extremely broad, so that it is felt that any bundle of SWNT 
anticipates claim 03. Such bundles are for instance to be seen on page Z c C h . , 
on page 767 of 0, (see comment on page 765 2nd paragraph) * 3,50 

The same arguments are brought forward vis-a-vis of claims 84-66. 87-71. 
Therefore claims 63-71 are regarded es lacking an inventive step. 
Claima 79.^ 

• Claim 72 is unclear since It now states that n is from "G to an» 

that 'the tuhni.r««^« . . l, * in ""'om ot0 30 but at the same time requires 
that tubular carbon molecules contains at least one of R, R' r* r» r < h * , nar l re 
necessitating n to be >0. 1 ,M .tnerefore 

it is suggested to limit n to values 1-30. 

The following comments are made supposing this suggestion Is followed 

n^'r SWNT * °' (86fl W 7S * « paragraph and Fig. 1 9 10(c) on 
f^^InLT. W<tt,y ' '"nct.cnaJ^ by lowing th. t J'chlnVof D. f L 

for instance 0 5 'e general statement on page nines 1-14). 

D, also discloses filled nanotubes (see page 858). 

Since none of claims 72-80 contain any quantitative information on the degree of 
derivation, it is considered that they lack an inventive step over D t combined with 0,. 
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Qiaimaiflfiiiifl .. 

. Endchedrally-loaded tubular carbon molecules are known for Instance from 

Da (see 3.d herein above). 
■ D 4 also discloses (see chapter 20) man/ possible applications. 

' (clT! ■? end0hedr ^ d ^ can be used as memory bit. 

(Compare with present application, page 51, lines 4-8). 



' Qd TTT* ' 0ad6d nan ° tUbM °' °' can b * for loaded with 

Gd, Yt, Mn", (see page 859, 2nd paragraph). 



compounds of 



" e ^ th LT nfl ° f C ' 8im 1 06 dMS not 8ped * «* kin * * »ndohedral soecie? .t is 
considered that It is anticipated by D 4 . * 

The same conclusion is valid for claim 1 08. 

EZH n L7\ ° 0f19,d9ftd to 50 Wlthln ,he of th « Petitioner 
Sdl^ ^ 

Consequently claim 107 is regarded as lacking an inventive step. 
The same conclusion is made for claims 109-1 10. 
CiflimiUZJifl 

' whichlT^" 12 T 8,17 ie nanctubM < s " "9° 1 1 *•> 7-30, 

which can be "incorporated In a matrix-, . thematrix preferably being an organic polymer 

eg a thermoset resin such as epoxy, blsmaleimide, polyamlde; a thermoplastte resin a ' 
metal or a ceramic material. m*r—m,u 



According to the applicant, O s merely relates to MWNT. 
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• It has been noted that <he applicant's argumentation relates to the foot that orocasse, 
wn,oh m wm for MWNTare not n«..,.n,v effective tor SWNT. NevermeC", 
a gumen. o«n.nol be successful hsr. bacu» olaim 1,7 doe, no. «*. ,„ y T^n C al 
=n,r,o«.n«,o ot the compoa*. mated.,, „ M what should have bean demote « , 
thai by using the «** of D, w«h SWNT, no oompoait. gun oan be obtain* 

cZ^^OT*" «<*»«*«""»»v«yunllk.ly t ob.m.o«s,, sotha, 

claim 117,8 regarded as lacking In inventive step. 

The seme conclusion applies to claims 1 18-184, 131. 

wltouZ^ 13 !; 14 ° fe9tfdQd * ,aCk,n « an in ™ tiv ° S *P 'nee it cannot be 
inventively to come to the preferred embodiments of claims 125-1 30. 
Claims m-iM 

An objection was raised on the base of 0 5 . 

cZTUT: "IT*™ COn4id0r8 that °' daa ' 8 with multlwa « laden with 

crystal defects, which is not predictive of the behaviour of the SWNT in claims 141-152. 

The argument is here accepted. 

Therefore claims 141-152 are regarded as being novel and inventive over the available 
prior art. 



Claims Mfcia 

As far as claims 153-156 are concerned, it appears that none of the available prior an 
literature suggest or discloses an antenna such as that claimed by present claim 1 53. 

D 4 . chapter 20. teaches that a polymeric -C* heterojunction is expected to exhibit a 
photovoltaic response (page 881). 0 4 also gives on figure 20.2 (page 903) a schematic 
presentation of several proposed electronic device applications for carbon nant,,^ 
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Nevertheless, no-explicit mention that a current could be generated through photo 
conductivity of such a tube is suggested or disclosed. 

Therefore, claims 1 53- 1 56 are both novel and inventive. 
Claims iS7.i$g 

Considering D 4 page 903 fig. 20.2 as well as page 904 and D T , for instance claims 36 ii 
45, 50. 53-55 etc... it cannot be seen what technical problem the skilled practitioner had to 
soive - in an inventive manner - to come to the embodiments of present claims 157-162. 

Therefore these are considered as not being Inventive. 

&QUB & Claims tfl-gg 

Claim 18 

• It is not clear whether by 'said molecules having ayjjsiaiiijaljy. equal lengths' is meant that 
these molecules merely should have any length within the range 5-500 nm or whether an 
average length within said range is meant 

0, discloses on page 473 right column first two lines, SWNT having a length ranging from 
1 00 nm up to several microns. 

At leajone cutting technique is known from D r 

Process step c) merely refers to an isolation procedure which is not precisely disclosed. 

Therefore, the isolation - purification procedures known in the art (see o„ D„ D 4 ) are 

encompassed by said process step, which therefore cannot be regarded as being inven- 
tive. 

Therefore, claim 18 is felt to lack an inventive step. 

Claims 19-23 relate to a preferred cutting method comprising using a "high energy beam of 
high mass Ions". 

D, describes a cutting method comprising Injecting ejection* into the nanotubes at 'a 
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relatively high voltage" (page 2631 right column, paragraoh before last). 
- Therefore claims 1 9-23 are novel over the available prior art literature. 
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• Nevertheless ft cannot be seen to what specific advantage, or to what unexpected effect 
the use of high mass ions instead of electrons leads to. Why would the skilled practitioner 
knowing 0, not be inclined to try cutting nanotubes with projectiles other than electrons? 

Therefore it is considered that the use of a "high energy beam of high mass ions" is a 
technically equivalent mean for cutting nanotubes. 

Therefore, claims 1 9-23 lack an inventive step. 

• Claims 24-25 relate to another cutting method, comprising sonicating with acoustic energy 
a suspension of SWNT (n a medium. 

Since none of the documents cited in the search report mention or suggest that nanotubes 
could be cut by using sonicatlon (as described on page 26 lines 23 - page 27 line 1 9) 
present claims 24-25 are regarded as being novel and Inventive. 

- None of the available prior art documents suggest that SWNT can be cut by refluxing the 
same in concentrated H NO* 

Therefore claims 28-30 are considered as being inventive. 
grQUP C. Claima 31.63 fii .ios in.ua 

- D $ appears to be the most relevant prior art document. 

• None of the documents of the I.S.R. disclose or suggest methods for forming a macro- 
scopic molecular array of tubular carbon molecules 

• Therefore present claims 3 1 -62 must be considered as novel and inventive over said 
documents. 
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Moreover, the macroscopic molecular array of independent claim 81 as well as the product 
of claim 91 are neither disclosed nor suggested by the available prior art literature 



Therefore, claims 81-105 are both novel and inventive; the same conclusion applies to 
claims 111-116. 
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Claim : 

1 . A method for purifying a mixture comprising single-wall carbon 
mnorubes and amorphous carton contaminate, said method comprising (ha seeps 
5 of: 

(a) heating said mixture under oxidiaag conditions sufficient to 
remove the said amorphous carbon aad 

(b) recovering a product eompriaing at least about 80% by weight of 
single-wall carbon nanotubee. 

10 2. The method of claim I wherein said oxidizing conditions comprise 

an aqueous solution of an inorganic oxidant . 

3. The method of eleim 2 wherein said inorganic oxidant is selected 

from the group constating of nitric add, a mixture of sulfuric acid and hydrogen 

peroxide, potassium permanganate and mixtures thereof. 
13 4. The method of claim 2 wherein said aqueous solution is Keawd to 

reflux. 

5. The method of claim 2 additionally comprising the step of 
subjecting the oxidiaed product of step (b) to a reponificadon treatment. 

6. The method of claim 3 wherein said saponification treatment 
20 comprises contacting said product with ia basic solution. 

7. The method of a claim 6 wherein said basic solution comprises 

sodium hydroxide. 

8. The method of claim 6 additionally composing the step of 

neutralizing the saponified product with an acid. 
25 9. Tbe method of claim 8 wherein said acid is hydrochloric acid. 

10. The method of claim 8 additionally comprising the step jf 
recovering a solid product from the saponified, neutralized product. 

U. The method of claim 10 wherein said product is recovered by a 
method selected from the group consisting of nitration, sertling by grsvity, 
30 chemical flocculatora, and liquid cycloning. 



AMENDED SHEfT 



12 The raethodof claim 10 wherein said solid product is a ptper-like 
two dimensional product 

13. The method of claim 12 additionally comprising the stepof drying 
the product. ' ' 

* U. The method of claim 13 wherein .aid product i, dned at .bout 

850'C in & hydrogen g as atmosphere. 

15. The method of claim 1 wherein said product comprise, « \ wl 
about 90% by weight of single-wall carbon nanotubes. 

Id. The method of claim t wherein said product comprises at least 
10 sbout95V. by weight of singl*weil carbon naiwtubes. " 

17. The method of claim 1 wherein said product comprises at least 
about 99% by weight of single-wall carbon nanotubas. 

II- AraeitodforiKoAidngtubuJrc^ 
nm in length, said method comprising the steps of: 
15 (a) molding ft tbg ]9mVnn ct ^ n tunotube<oruaming materia. ; 

0» cutting singifwall nanotubes in said singie-wall nanotub. 
contaiojng-nwerial to mna a mixture of tubular carbon molecules 
having lengtfaa in the range of 5-500 nm; 

(O ^ngfamatidn^oftttbuJwca^nmolecuiesafraction 

of said moieeules having substantially equal lengths. 
19. The method of claim I ! wherein said cutting singie-wali nanotubes 
into tubular carbon moieeules comprising the stops of: 

(a) forming s substantially two-dimensional target containing single* 
wall nanotubes of lengths up to about one micron or more and 
25 (b) irradiating said target with a high energy beam of high nasi ions. 

20. The method of claim 19 wherein a high energy beam is produced 
in e cyclotron and has an energy of from about 0. 1 to about 10 GeV. 

21- The method of claim 1 9 wherein said high mass ion has a mass of 
greater than about 1 50 AMU. 



20 
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22. The method of claim 21 wherein said high mass ton in selected from 
the group consisting of gold, bismuth and uranium. 

23. The method of claim of 22 wherein the high mass ion ii Au' i! 

5 24. The method of claim 1 8 wherein said cutting single-wall nanotubes 

into tubular carbon molecules comprises the steps of: 

(a) forming a suspension of single* will nanotubes in a medium; 

(b) sonicating said suspension with acoustic energy. 

25. The method of claim 24 wherein said acoustic energy is produced 
1 0 by a device operating at 40 KHz and having an output of 20 W. 

26. The method of claim 18 wherein said cutting single-wail nanotubes 
into tubular carbon molecule* comprises refluxing single wall carbon oanotube 
containing material in concentrated HNO,. 

27. The method of claim 19 Amber comprising (he step of heating the 
1 5 tubular carbon molecules to form a hemispheric fuilerene cap on at least one end 

thereof 

■ 21. The method of claim 18 ftiithercoinpTisiai the swp of renting said 
tubular carbon molecules with a material which provides at the reaction conditions 
at least one subsrituent on at least one of said ends of said tubular carbon molecule. 

20 29- Tie method of claim 26 father comprising the step of reacting said 

tubular carbon molecules with a material which provides at the reaction conditions 
at least one subatiruent on at least one of said ends of said tubular carbon molecule. 

30. The method of claim 28 or 29 wherein said subsdtusnt is selected 
from the group consisting of each may be independently selected from the group 

25 consisting of hydrogen; alkyl, aeyl, eryl, aralkyl, halogen; substituted or 
unsubsrituted thiol; unsubstjtuted or substituted amino; hydroxy, and OR' wherein 
R' is selected from the group consisting of hydrogen, alkyl, acyl. «yl 
unsubctltutcd or substituted amino; substituted or unsubstituted thiol; srd halogen; 
and a linear or cyclic carbon chain optionally interrupted with one <n more 
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heteroatom, and optionally substituted with one or mote »0. or ■$, hydroxy, an 
aminoelkyi group, in amino icid, or a peptide of 2-8 amino acid*. 

31. A method tor forming a macroscopic molecular array of tubular 
carbon molecules, said method comprising the atepe of: 

5 (a) providing at teaat about 10* tubular carbon molecule* of 

substantially similar length in the range of 50 to 500 run; 

(b) introducing a linking moiety onto at lean one end of jaid tubular 
carbon molecules; - 

(c) providing a subatrate coated with a material to whien said linking 
10 moiety will attach; and 

(d) contacting said tubular carbon molecules containing a linking 
moiety with said substrate. 

32. The method of claim 3 1 wherein said substrate is selected from the 
group consisting of gold, mercury and indium-tin-oxide. 

1 5 33. The method of claim 32 wherein said linking moiety is selected 

. from the group consisting of .S^CH,).-NH-< and -SiO J (CH 1 ),NH ) . 

34. A method for forming a macroaeoptc molecular array of tubular 
carbon molecules, said method comprising the steps of: 

(a) providing a nanoacaie array of microwells on e substrate, 
20 (b) depositing a metal catalyst in each of aaia microwells; and 

(c) directing a stream of hydrocarbon or CO feedstock gas at said 

subatrate under conditions that effect growth of single-wall carbon 

nanotubea from each microwell. 

35. The method of claim 34 ftmher comprising the step of applying an 
25 electric field in the vicinity of said subatrate to assist in the alignment of said 

nenotubes growing from said microwells. 

36. A method for forming a macroscopic molecular amy of tubular 
carbon molecules, said method comprising the steps of: 

(a) providing surface containing purified but entangled and relatively 
30 endless single-wall carbon nanotube material; 



^DEO SHEET 



Mqy 14 1 9 3 * a : J Q P« TQ 0)1441132304^92 p.n 



■> «■ • * ,..,,> 

:• ' • * ■ ■ * « * 

* - 1 a « » , t 

•» * -t i rt • » « » -# ## 



86 

(b) subjecting said surface to oxidizing conditions sufficient to cause 
abort lengths of broken ninotubes to protrude up from said surface: 
and 

(c) applying an electric field to said surface to cause said nanotubee 
5 protruding ftom said surface to align in an orientation generally 

perpendicular to said surface and coalesce into an array by vender 
Waal* interaction forces. 
37. The method of claim 3d wberein said oxidizing conditions comprise 
hasting said surface to about 300'C in an atmosphere of eaygen and CO,. 
10 3g, A method of forming a macroscopic molecular amy of tubular 

carbon uwlemks, said mothod comprising th* Unn nf attttfflblina. jubarrays of up 
to 1 0* single- wail carbon aaaotubes into a composite array. 

39. The method of claim 38 wherein all the subaircys have the sume 
type of nanotubee. 

15 40. The method of claim 38 wherein the svbarraya have different types 

of nanotubss. 

41. The method of claim 38 wherein the subemiy* are made according 
to the method of say of claims 3 1 , 34 or 36. 

42 A method for continuously growing macroscopic carbon fiber 
20 comprising at least about 10* single^wall nanotubes in generally parallel 
orientation, said method comprising the steps of: 

(s) providing a macroscopic molecular array of at least about 10* 
tubular carbon molecules in generally parallel orientation and 
having substantially similar lengths in the range of from about SO 
25 to about 500 nanometers; 

(b) .removing the hemispheric fuileten* cap from the upper ends of the 

.tubular carboo molecules in said array; 
(e) contacting said upper ends of the tubular carbon molecules in said 
array with at least one catalytic metal; 
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(d) supplying a gaseous source of carbon to the end of said array *hi 1< 
applying localized energy to the end of said array to heat said end 
to a temperature in the range of about SOC C to about 1 300" C; and 

(e) continuously recovering the growing carbon fiber. 

j 43. The method ofciaim 42 wherein said fullcrene caps are removed by 

heating in an oxidative environment 

44. The method of claim 43 wherein eaid oxidative 'environment 

comprises aqueous etching with nitric acid or gas phase etching at temperatures of 

about 50C*C In an atmosphere of oxygen and CO,. 
10 45 The method of claim 42 wherein said catalytic metal is selected 

from the group consisting of Group V1U transition metala, Group vr transition 

metaJa, metala of the lanthanidc scries, metals of the actinide series, and mixtures 

thereof. 

46. The method of claim 45 wherein said catalytic metal is selected 
15 from the group consisting of Fe, Co, Nt, Ru, Rh, Pd, Oa, Ir and Pt. 

47. The method of claim 46 wherein said catalytic metal is selected 
from the group consisting of f e, Ni, and Co, and mixtures thereof. 

48. The method of claim 45 wherein said catalytic metal is selected 
from the group consisting of Cr. Mo, and W. 

20 49. The method ofciaim 42 wherein said catalytic metal is deposited 

in situ on each nanotube as a metal atom cluster. 

50. The method ofciaim 49 wherein said metal atom cluster has from 
about 10 to about 200 metal atom*. 

51. The method ofciaim 42 wherein aid catalytic metal is deposited 
25 as preformed nanoparticlea. 

52. The method of claim 5 1 wherein said catalytic metal is Mo. 

53. The method ofciaim 42 wherein said catalytic metal is deposited 
in the form of ametai precursor selected from the group consisting of salts, oxides 
and complexes of said metal. 
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54. The method of claim 42 wherein said catalytic metal it deposited 
by evaporating metal atom* aad allowing them to condense and tfoaiesce on taid 

open naaotube ends. 

55. The method of claim 54 wherein said evaporation is effected by 
5 heating a wire or wires containing said catalytic metal. 

56. The method of claim 54 wherein said evaporation is effected by 
molecular beam evaporation. 

57. The method of claim 42 wherein gaseous source of carbon is 
selected from the grata consisting of hydrocarbon* and carbon monoxide. 

10 58- The method of claim 57 wherein said hydrocarbon is selected from 

the group conaiiting of elkyls, acyla, aryla and araikyl having ! to 7 carbon atoms. 

59. The method of claim 58 wherein said hydrocarbon is methane, 
ethane, ethylene, acetylene, acetone, propane, propylene and mixtures thereof. 

60. The method of claim 42 wherein said localized energy ii provided 
IS by a laser beam. 

61. The method of claim 42 wherein taid localized energy is provided 
by » source selected from the group eoneUting of a microwave generator, an R-r 
coil and a solar concentrator. 

62. The method ofclaim 42 wherein said end is heated to s te.Trpcrature 

20 in the range of about 900'C to about 1 1 00'C. 

63. A composition of matter comprising at least about 80% by weight 

of single-will carbon nanotubas. 

64. The composition of claim 63 comprising at least about 90% by 
weight of single«wftll carbon aanotuboe. 

25 65. The composition of claim 63 comprising at least about 95% by 

weight of aingle-waii carbon naootubca. 

66. The composition of claim. 63 comprising at least about 99% by 
weight of single>wall carbon molecule*. 

. 67. A felt comprising at least about 80% by weight of single- wall 
30 carbon nanotubas. 
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68. The felt of claim 67 comprising at least about 90% by weight of 
single-wall nanotubes. 

69. The felt of claim 67 comprising at ieut about 95% by weight of 

single- wall naaotubes. 
5 70. The felt of claim 67 comprising at least about 99% by weight of 

single-wall nanotubes. 

71 The felt of elate 67 in *• form of a papwlike material. 
72. A tubular carbon molecule hiving the following structure: 



10 




15 




where 



20 



it a subttaatiatiy defect-free 
cylindrical gfaphene sheet 
(optionally doped with noncarbon 
atoms) having from about 10 1 to JO 4 
carbon atoms; 



25 



where 




ia i hemispheric fullerene cap 
having at least six pentagon* and the 
remainder hexagons; 



30 



n 
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R, R', R 1 , R\ R*. and R' each may be independently selected from 

the group consisting of hydrogen; alkyl. 
tcyl, «yL amikyl, halogen; substituted or 
unsubroiutcd thiol; unsubstiaued or 
S subiotuwd amino; hydroxy, and OR' 

wherein R' is selected from the group 
consisting of hydrogen, alkyl, ecyl. aryi 
aralkyl, uniubfiituied or substituted amino, 
substituted or uaiubsdtuted thiol; ind 
1 o halogen; and a linear or cyclic carbon chain 

optionally interrupted with one or more 
hetcroetom, and optionally substituted with 
one or more -0, or =S. hydroxy, en 
axninoaikyl group, an amino acid, or a 
1 5 peptide of 2«8 amino aeide, 

whtrin the tubular carbon molecule contains 
at lean one of R. R\ R 1 . R J , R\ or R J 
73. The molecule of claim 73 wherein said gnphene sheet has a 
configuration that corresponds to a (n, n) single-wall carbon aanotube 
20 74. The molecule of claim 72 wherein said molecule has » length irom 

about 5 to about 1000 nm. 

75. The molecule of claim 74 wherein said molecule ho a length of 
from about 5 to about 500 no. 

76. The molecule of claim 72 wherein n is 0 to 12. 

25 77. The molecule of claim 72 Airther comprising at least on: endohedxai 

«a». 

species. 

78. The moleeule of claim 77 wherein said endohedral ip«ci«s is 
selected from the group consisting of metal atoms, fullcrene molecules, other small 
molecules and mixture thereof. 
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79. The molecule of claim 78 comprisinge(lO.lO) single-wall nanorube 
containing it last one endohedml iptciei aelected from the group consisting of Cm. 
C*, or nuxturei thereof 

80. The molecule of claim 79 wherein «eid C K or C, additionally 
5 contains an cndohedral subsutuent selected from the group consisting of metal 

atoms and metal compounds. - 

81. A macroscopic molecular mrey comprising at least about 1 0* single- 
wall carbon naaoubes in generally parallel orientation and having substantially 
similar lengths in the range of from about S to about 300 nanometers. 

10 81 The array of claim 81 wherein said nanotubes are of the seme type. 

S3. The amy of claim 82 wherein said nanotubes are ot the (n.n) type. 
84. The amy of claim 83 wherein said nanotubes are of the ( 10. 1 0) 

typ«- 

8$. The amy of claim 83 wherein said nanotubes are of the (m,n) type 
15 86. The amy of claim 81 wherein said nanotubes arc of different types. 

87. The array ofdsim 81 further comprising a substrate aaaehed to one 
end of said amy and oriented subnasaally perpendicularly to the nanotubes is said 
amy. 

88. The amy of claim 87 wherein said substrate is a bucky paper 

20 surface. 

89.. The amy .of claim 87 wherein said substrate is a metal layer 
selected from the group consisting of gold, mercury and indium-iuvoxid*. 

90. The amy of claim 86* wherein a central portion of oanctubes are of 
the (n,n) type and an outer portion of nanotubes are of the (m,n) type. 
25 91. A macroscopic carbon fiber comprising at least about 1 C* aingle- 

wall oarbon nanotubes in generally parallel orientation. 

. 93. The fiber of claim 91 comprising at least about I0 f tingle-will 

carbon nanotubes. 

93. A composite fiber comprising a plurality of the fibers o; claim 91. 
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94. A molecular template amy for growing continuous length carbon 
fiber comprising ft ugmcnt of the fiber of claim 91. 

' 95. The fiber of claim 91 having ft length of at taut I millimeter. 

96. The fiber of claim 91 wherein ft substantial portion of said 

5 ntno tubes are of the OmO type. 

97. The fiber of ciahn 9t wherein all of said naaoiubes are not of the 

same type. 

98. A composite article of manufacture comprising a matrix material 
selected from the group consisting ofmetaia, polymer*, ceramics and carmeu. said 

10 matrix having imbedded in at lean a portion thereof a property enhancing unount 

of the carbon fibers of claim 91 . 

99. The composite article of claim 98 wherein said property is 
structural, mechanical electrical, chemical optical, or biological. 

100. A high voltage power ttinsmisaion cable wherein at least one 
1 5 conductor comprises a contlnuoua carbon fiber according to claim 96. 

101. The power mewniasion cable of claim 100 wherein both a central 
conductor and a coaxlally disposed outer conductor are formed from «id carbon 
fiber and an insulating layer is dleposed therebetween. 

102. The power transmission cable of claim 10! wherein said insulating 
20 layer ia an air space. 

103. The power transmission cable of claim 101 wherein said insulating 
. layer comprisee a material selected from the group consisting of insulating carbon 

fiber made from carbon nanotubea of the (ran) type and Insulating BN fiber made 
from bexabojpnitrioe naaoiubes or mixtures thereof. 
25 104.- A solar cell for converting broad epecmim light energy into 

electrical currentcomprising a molecular array according to claim 81 as the photon 
collector. 

105. The aolar cell of claim 104 additionally composing a photoactive 
dye coupled to the upper ends of the nanotubea in said array. 
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106. A bistable, nonvolatile memory bit comprising (he endchedfally- 
loaded tubular carbon molecule of claim 77. 

107. The memory bit of claim 106 wherein the tubular carbon molecule 
is formed from ft (1 0.1 0) type nanotube and the andohedrai species is a C* ut C w 

S fullerenc molecule. 

1 01 A bistable, nonvolatile memory device comprising the memory bit 
of claim 106, means for writing to said bit and meana for tsedmg said bit 

109. The memory device of claim 108 wherein said meens for writing 
comprise* a naaocircuit element adapted to direct a voltage pulse of positive or 

10 negative polarity at said bit to cause said endchedral specie* to »ove from e first 
end to a second cad of said Wl 

1 10. The memory device of claim 1 08 wherein said means for reading 

said bit comprises 

(a) a first naaocircuit element adapted to be biased at a first voltage 
15 (VuJand spaced fiora s read end of said bit to fern ft first gap therebetween, and 

(b) a aecood nanoeircuit element adapted to be biased to ground voltage 
(Vj and ipeoed from said read end of said bit to form a second g»p, whereby the 
presence of said endohedral species is unambiguously determined by the presence 
of current tunneling across said first sad second gaps. 

20 11). A microporous mode for an elecaocnemical cell comprising e 

mrttmitlar amy according to claim 81. 

1 12. AUthium ion secondary battery comprising the anode ot'eiatm 111. 
a cathode comprising UCoO, and an epwde organic electrolyte wherein a fullerene 
intercalating compound (FIC) of lithium- forms at the anode under charging 

23 conditions. 

113. As apparatus far forming i continuous macroscopic carton fiber 
from a macroacopie molecular template array comprising at lean about 10* sineie- 
wail carbon nanotubes having a catalytic metal deposited an the open ends of said 
n&notubee. said apparatus comprising: 
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(a) means for locally hating only said open ends of said nanotubt-s in 
said template array in a growth and annealing zone to a temperature 
in the range of about SOO'C to about 1300°C; 

(b) mean* for supplying a carbon-containing feedstock gas to the 
5 growth and mi r* 1 *"! zone immediately adjacent said heated open 

ends of said nanotubei in staid template array; and 

(c) means tor continuously removing growing carbon fiber from said 
growth and annealing zone while maintaining the growing open end 
of said fiber in said growth and annealing ?one. 

10 1 14. The apparatus of claim 1 1 3 wherein said means for locally heating 

comprises a laser. 

Hi. The apparatus of claim 113 enclosed in a growth chamber 
maintained at a vacuum by evacuation means* 

116. The apparatus of claim 115 farther comprising a vacuum feed lock 
1 5 zone through which said continuously produced carbon fiber is passed and a take* 

up roll at atmospheric pressure. 

117. A composite material comprising: 

(a) a matrix; and 

(b) a plurality of single- wall carbon nanotubes embedded within said 

20 matrix. 

lit. The composite material of claim 117, wherein said tnainx 
comprises a polymer. 

119, The composite material of claim 118. wherein said polymer 
comprises a thermosetting polymer. 
25 120. The composite materiel of claim 119, wherein said thermosetting 

polymer is selected from the group consisting of phthalic/maelk type polyesters, 
vinyl esters, epoxiea, phenolic* eyanates, bismalsimidei, and aadic end-capped 
polyimidea. 

121. The composite materia] of claim 118, wherein said polymer 
30 comprises a thermoplastic polymer. 
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122. The composite material of claim 121, wherein Mid thernioplanic 
polymer ii Mlected from (be group consisting of polysulfonci. polyamidM. 
polycarbonates, poiypfaenylene oxides, poiysulfldes, polyothir ether ketone, 
oolyether sul/onea, poiytmidt-imidef, polyetherimides, pclylmldos, poly arytates. 

5 and liquid crysMine polyesters. 

123. The composite meterial of claim H7, whereia said matrix 

comprises a metal. 

124. The compoaite material of claim 117, wherein eaid matrix 

. comprises a cenraic. 
10 125. The composite material of claim 1 17, wherein said' marix 

comprises a cermet. 

126. The composite material of claim 1 17, wherein said carbon nanctube 
material eomprtaes tubular carbon nanotube moleeulea. 

127. The compoeiss material of claim 1 17, wherein Mid carbon nanotube 
1 5 material comprises ropea of up to about lO'SWNTs. 

121. The compoaite material of claim 117, whexrb eats' carbon nanctub* 
material comprises fiber* of greater than lO*SWNTs. 

129. The composite material of claim 126, 127, or 128, fiirther 
comprising an additional fibrous material 
20 130. the composite material of claim 126, 127. or 128. wherein said 

carbon nanotube material is modified to interact with said matnx material. 

131. A method for producing a composite material containing carbon 
nanotube material comprising: 

(a) prepariEg a matrix material precursor, 
25 (b) combining single-well carbon nanotubea with said matrix material 

precursor, and 

(c) forming said composite material. 

1 32. The method of claim 131, wherein said carbon aanmube materia! 
is combined with said matrix material precursor before said step of forming. 
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133. The method of claim 131, wherein said carbon nanotube material 
1$ combined with said matrix material precursor during said step of forming. 

134. The method of claim 131, wherein said carbon nanotube material 
is combined with said matrix material precursor immediately- after said stwp of 

5 forming. 

135. The method of claim 131. wherein toad matrix material precursor 
ia caused to flow around a preformed snengement of said carbon nanotube 
material 

136. A method of producing a composite material containing carbon 
10 nanotube material comprising: 

(a) preparing an assembly of a fibrous material; 

(b) adding single-wall carbon nanotubea to said fibrous material; and 

(c) adding a matrix material precursor to said carbon nanotubei and 
said fibrous material. 

15 137. The method of claim 136, wherein said fibrous materials are 

arranged in a two-dimensional sheet, and some portion of said carbon nanotubes 

are oriented in a direction other than parallel to said sheet 

138. The method of claim 13 1 or 136 wherein said sarboo nanotubes 

comprise tubular carbon nanotube molecules. 
20 1 39. The method of claim 1 3 1 or 1 36. wherein said carbon nanotubes 

comprise ropes of up to about 10* S WNTs. 

140. The method of claim 131 or 136, wherein said carbon nanotubea 
fibers of greater than 1 0* S WNTs. 

141. X three-dimensional structure that lelf-assembles from deri vatized 
25 iingle-wall carbon nanotube molecules comprising: 

a plurality of multifunctional single-wall carbon nanotubes assembled into 
. uid three-dimensional structure. 

142. The thme-diinetaibnal structure of claim 141, wherein said single- 
wall carbon nanotubea have multifunctional derivatives on their end cap*. 
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143. The three-dimensional structure of claim 141, whet-tin said single- 
wall carbon nanombea have multifunctional derivatives at multiple locations on 
said single-wail carbon nanotubea. 

144. . The three-dimensional structure of claim 141. wherem said single- 
5 wall carbon nanotubea are assembled as a result of van der Waals attraction* 

145 A three-dimensional structure of claim 141, which has 
electromagnetic properties. 

144. The three-dimensional structure of claim 145, wherein said 
electromagnetic properties are determined by a functionally-specific agent 
10 147, A thnee-dlmenaioaal structure of claim 141, which is symmetrical. 

141 A three-dimensional structure of claim 141. which Is not 
symmetrical. 

149. A ihree-dimensional structure of claim 141, which has biological 
properties. 

15 1 50. A threcdlmensional structure of claim 1 49, which operates ts a 

catalyst for biochemical reactione. 

151. A three-dimensional structure of claim 149, which interact! with 
' living tissue. 

152. A three-dimensional structure of claim 149, which serves as an 
20 agent for interaction with functions of a biological system. 

153. A light harvesting antenna comptiamg: 

at least one single-wall carbon nanotube conductive element, said at least 
one nanotube having a length selected relative to a desired current level and a 
desired voltage level. 

25 154. The light harvesting antenna of claim 153, wherein said « least one 

single-wall carbon nanotube forms a Sehottky barrier. 

155. An array of light harvesting antennas of claim 153. 

156. The amy of light harvesting antennas of cieim 155, wherein said 
array is formed by self-assembly. 
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1 57. A molecular electronic component comprising at least one single- 
well carbon nanotube. 

158. The molecular electronic component of claim 1 57, wherein *aid 
molecular electronic component is a bridge circuit for providing full wave 

5 rectification, said bridge circuit comprising: 

four single-wall carbon nanotubes, each of said four single-wall 
croon nanotubes forming one edge of a square and linked to two of Tour 
bock/balls, each of said four bucky balls located at a comer of ind square. 

1 59. The bridge circuit of claim 1 58. wherein said buckyballs and single- 
10 wall carbon nanotubes arc derivitixed to include tawuooally specific linking 

agents. 

160. A molecular electronic component of claim 157, which is a 
fullerene diode. 

161. A naoeicaie manipulator comprising at least one single- wall carbon 
15 naootubc. 

1 62. The nanoscale manipulator of claim 161, which is nenoforcepts. 
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